showed the presence of a protein growth inhibitor in human lung fibroblast cultures infected with rubella virus. This protein substance slowed the mitosis of normal, uninfected cells. It has therefore been postulated that the presence of this material in high titre in rubellainfected cells might account for the frequent retardation of growth in infants with the rubella syndrome.
Two observations on human synovial fibroblasts in serial subculture led to the study of these cells for the presence of a growth inhibitor. First, the cultured synovial cells from patients with rheumatoid arthritis have a slower growth rate and shortened life span compared with their nonrheumatoid controls (Smith and Hamerman, 1969) . These changes have also been observed in the human lung cell cultures with chronic rubella virus infection. Second, the rheumatoid cells are resistant to infection with rubella and other viruses, perhaps because of increased hyaluronic acid synthesis which prevents viral penetration, or other metabolic alterations (Patterson et al., 1975; Clarris et al., 1974) . It was of interest therefore to determine whether rheumatoid cells contained a growth inhibitor (GI) with characteristics similar to the inhibitor in rubellainfected fibroblasts. Four strains of rabbit synovial fibroblasts were also available for study.
Materials and methods

CELL CULTURES
The human rheumatoid (RSC) and nonrheumatoid (NSC) synovial cells were cultured as previously described (Smith, 1971) . Rabbit cells were obtained Accepted for publication August 10, 1977 from animals previously exposed to human rheumatoid or nonrheumatoid synovial cells by intraarticular injection followed by synovectomy 4 to 8 weeks later, as previously described in detail (Smith et al., 1974) . In serial subculture the cells were identified as of rabbit origin by their distinctive morphology and by chromosome count. Several of these rabbit 'rheumatoid-exposed' synovial cell cultures have previously been found to show altered production of hyaluronic acid, slow growth rates, viral resistance, and nuclear changes (Smith and Hamerman, 1976 ). Three such cultures (from animals exposed to rheumatoid membranes from 3 different patients) and one nonrheumatoid-exposed control rabbit culture were therefore examined for the presence of GI. All cell cultures were grown and maintained in Dulbecco-modified Eagle's medium plus 10 % newborn calf serum, heat-inactivated.
PREPARATION OF LYSATES
The cell lysates to be assayed for GI were obtained from 5 x 105 RSC or NSC, since larger numbers of cells are not readily available. The cell strains assayed had undergone 3-11 culture passages. The cells were trypsinised, lysed in 1 ml of culture medium by freeze-thawing three times, then centrifuged at 10 000 rpm (12 000 g) for 30 minutes. This crude extract was made up to the appropriate dilutions with fresh nutrient medium.
ASSAYS OF GI ACTIVITY
Growth inhibition by the cell lysates was measured on fresh normal rabbit synovial cells at first, because these cells have a rapid growth rate and were readily obtainable. Replicate plates were seeded on day 1, with 50000 normal rabbit cells per plastic dish, 9.6 cm2. 6 Two separate experiments also showed that GI was active on the NSC to the same extent as on the rabbit synovial cells. The RSC usually show slower growth rates, so that very little activity was demonstrable on these cells when studied with lysates from other RSC cultures. It is not clear then whether or not the GI present in the RSC is or is not as effective on other RSC as it appears to be on the NSC, the rabbit synovial cells, and the WI-38. Table 2 gives results of experiments in duplicate, using the RSCGexposed rabbit synovial cells, again measuring growth inhibition on normal rabbit cells compared to the control lysate of an NSC-exposed rabbit synovial cell culture. The RSC-exposed cells also showed enhanced GI activity.
When a rheumatoid lysate was digested with DNA-ase, RNA-ase, and trypsin, only the trypsin digest showed loss of GI activity (Table 3) . It therefore appears that the GI is a protein, as shown by Plotkin and Vaheri (1967) , for the cells chronically infected with rubella virus. As Table 4 , shows, the inhibitor markedly decreased incorporation of labelled thymidine into cellular DNA, therefore DNA synthesis is measured by 72-hour uptake of 3H-thymidine, and by simultaneous cell counts on replicate plates.
slowing the mitosis of individual cells in the cultures. At the time these experiments were done the normal rabbit synovial cells available were freshly cultivated and were growing very rapidly, so that growth inhibition was readily apparent as 3 days. It was also apparent that the GI acted on human lung fibroblasts as well as on the cultured rabbit synovial cells (Table 4) .
Discussion
These results indicate that our cultured human RSC do contain a trypsin-digestible material which inhibits cell mitosis. The growth inhibitor is effective on both rabbit synovial cells and human lung fibroblasts. This observation is of interest for several reasons. Since the cultured RSC have a slower growth rate and shorter life span than the NSC, it is possible that this GI substance is responsible for their altered behaviour in vitro. This is surprising in view of the finding in vivo that synovial cells of patients with rheumatoid arthritis showed marked proliferation within the inflamed membrane. However, the life span and growth rates of the cells in vivo cannot be measured in the human joint, so an in vivo GI effect cannot be studied. Castor (1971) reported a polypeptide designated connective tissue activating protein (CTAP) which was present in increased amounts in cultured RSC. CTAP added to NSC induced increased hyaluronic acid synthesis and made these cells less responsive to cortisol suppression of hyaluronic acid synthesis. It is not known whether our lysates also contain CTAP; it is possible that the same material which alters cell metabolism in terms of hyaluronic acid production also acts as a mitotic inhibitor.
The presence of GI in RSC is another manifestation of their altered metabolic activity in longterm culture and another 'trait' that can be transmitted to rabbit synovial cells by intra-articular injection of rabbits with RSC (Smith et al., 1974) . Since infection with rubella virus induces production of a similar GI substance in WI 38 cells, it is possible that some occult virus infection is responsible for the presence of GI in the cultured RSC, and this finding may be further indirect evidence for a viral aetiology of rheumatoid arthritis. Such a virus-cell relationship need not be rubella, as many other viruses can also alter cellular functions during inapparent infections or incorporation into the cell genome. 
